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Abstract -InModern era of globalization computers plays vital role in every field. They are a part of our 
life, so use of computers are increased day by day to fulfill our need. A large amount of electricity 
required for manufacturing of computer peripheral unit, such as CPU, Memory Unit, Monitor and 
functional unit etc. By this a large amount of carbon content is harmful to environment.These carbon 
contents directly or indirectly dangerous to human being and to the earth. There are many technique 
used by intelligent people to overcome this problem, one of that technique is “Green computing”.Green 
Computing is the emerging technology which takes responsibility of eco-friendly use of computer and 
their resources.In recent years, companies in the computer industry, manufacturer or vendors have 
come to realize that going green is the best solution, manufacturing the energy efficient computing 
resources, green use,in these terms of public relations and reduced costs.In today’s world the e-waste 
the major issue, green technology is the application of one or more of environmental science, green 
chemistry, environmental monitoring and electronic devices to monitor, model and conserve the natural 
environment and resources, and to keep under control the negative impacts of human involvement. The 
main focus of this paper is to save the energy, reduce the carbon foot prints, increase the paperless 
work, encouraging the recyclability of digital devices, reducing the use of dangerous material, reuse the 
old computer devices and make environment green by providing some new ideas or techniques. 
Keywords–Green Computing, Energy Star, Environment, Recycle, Carbon dioxide (CO2), E-Waste, 
Eco- Friendly, Recycling etc. 
 
1 INTRODUCTION 
Green computing refers to environmentally sustainable computing.ItMeans eco-friendly use of 
computers and their devices. It minimizes the use of electricity as well as energy and reduces the 
environmental waste when we are using a computer. It is also defined as the study of designing, 
engineering, manufacturing and proper disposing of computing devices i.e. Electronic Waste(e-waste) in 
a way that reduces their environmental impact.Green computing is also known as green information 
technology (green IT). 
“Greening” your computing equipment is a low risk way for your business to not only help the 
environment but also reduces the costs.It’s also one of the largest growing trends in business today. 
Making a proper decision to go green in the workplace such as offices not only improves the net profit 
of your business but also reduces your carbon footprint. Reducing energy usage, which also reduces 
carbon-dioxide emission andyour energy bill, is the most effective thing you can do.Green computing is 
very much related to other similar movements like reducing the use of environmentally hazardous 
materials like CFCs, promoting the use of recyclable materials, minimizing use of non-biodegradable 
components, and encouraging use of sustainable or biodegradable resources.Each and every part of 
devices we use has some impact on the environment. The power used to run a device is generated by 
burning fossil fuel which has a high amount of carbon footprint. It is non-renewable source of energy 
which are limited in quantity and are exhausting very rapidly. The emissions from the burning fossil 
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fuels contain carbon dioxide, carbon monoxide and other greenhouse gases and are serious concerns. 
They not only pollute the atmosphere but also have serious health issues. They are the reason behind 
greenhouse effect and global warming.Every 1000MW power station running on black coal produces 
CO2 emission of about 7 milliontons per year. After lightning computers have the highest energy 
consumption in office environment.Power managements of computers, monitors and other devices can 
significantly reduce energy consumption, saving thousands of dollars per year on electricity cost. Green 
Computing is the solution on the above problem. It is the need of green computing.A main thing of 
research is maximizing energy efficiency during the product's lifetime,testing and applying alternative 
nonhazardous materials in the products manufacturing process. 
2 HISTORY OF GREENCOMPUTING 
In 1992, the U.S. Environmental Protection Agency(EPA) launched Energy Star, a voluntary labeling 
program which is designed to promote and recognize energy efficiency in monitors, climate control 
equipment’s and other technologies. This resulted in the widespread adoption of sleep mode among 
consumer electronics. The term “green computing” was probably stamped shortly after the Energy Star 
program began.The Energy Star program was revised in October 2006 to include efficiency 
requirements for computer peripherals, along with a tiered ranking system for approved 
products.Climate Savers Computing Initiative (CSCI) is an effort to reduce the electric power 
consumption of PCs in active and inactive states.It was started on 6th December 2007. Basically, the 
whole green aspect came about quite a few years back when the news that the environment was not a 
renewable resource really hit home and people started realizing that they had to do their part to protect 
the environment. Basically, the efficient use of computers and computing is what green computing is all 
about. 
3 PROBLEMS BEING FACED WITHOUT GREEN COMPUTING 
According to researchers of Green Computing following are few noticeable Challenges that Green 
computing is facing today: 
3.1 Health Hazards - Using toxic materials that can harm our health can cause cancer and technology 
addiction can lead to other health problems like obesity and carpal tunnel syndrome 
3.2 Carbon Emissions-Carbon dioxide and carbon monoxide are greenhouse gasses that are produced 
by people. The other gases which affect the greenhouse are methane (CH4), nitrous oxide (NO2) and 
fluorocarbons (CCl4). These greenhouse gasses trap in the atmosphere and reflect heat and radiation 
back to the planet's surface, which leads to Global warming.These gases are able to increase the 
temperature of the earth, which causes to lead the drought and floods and rising the sea level.These also 
affect the life on earth. 
3.3 Disposal of Electronic Wastes -The major issue is the disposal of the e-waste in the environment. 
They are likely to be free of hazardous materials such as brominates flame-retardants, PVCs and heavy 
metals such as lead, cadmium and mercury, which are commonly used in computer manufacturing. 
Replacements like the front-runner, a tin/copper/silver alloy, also require higher melting temperatures, 
which can affect chip life. 
3.4 PowerEmission -Use of computers and resources, it requires large amount of power or electricity, 
by continuous using of computers and resources, a lot of energy gets wasted. Large amount of heat 
emitted from the computers and servers. It affect on environment and human health.  
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3.5 Consuming Resources - Non-renewable resources such as coal are used to generate the electricity 
for technology. Contaminate the food chain can greatly affect the environment's natural cycles. 
 
4 GREEN COMPUTING APPROACHES AND SOLUTIONS/ IMPLEMENTATIONS 
4.1 Governments go green:  Many governments worldwide have initiated energy-management 
programs, such as Energy Star, an international standard for energy efficient electronic equipment that 
was created by the United States Environmental Protection Agency in 1992.Energy Star reduces the 
amount of energy consumed by a product by automatically switching it into sleep mode when not in use 
or reducing the amount of power used by a product when in standby mode.ENERGY STAR tools and 
resources help businesses determine cost-effective approaches to managing energy use in their buildings 
and plants—enabling the private sector to save energy, increase profits, and strengthen their 
competitiveness. 
 
4.2Desktop Virtualization:It involves running two or more logical computers on just on one set of 
physical hardware.This not only saves the cost of multiple computers but also reduces the carbon foot-
prints due to manufacture and usage of multiple computer devices.In virtualization, one physical server 
hosts multiple virtual servers. Virtualization also reduces data centers floor space, makes better use of 
computing power and reduce the data center’s energy demand. 
 
4.3Carbon free computing:One of the VIA Technologies’ ideas is to reduce the “carbon footprint” of 
users — the amount of greenhouse gases produced, measured in units of carbon dioxide (CO2). In 1997 
Kyoto in USA tried to reduce the emission of CO2 from electronic devices and other devices. These 
devices are manufactured in such way that they take less energy. VIA aims to offer the world’s first PC 
products certified carbon free, taking responsibility for the amounts of CO2 they emit.To reduce the 
percentage of CO2 in atmosphere to grow a plant to against each product after manufactured. It has been 
estimated that 4 to 6% are of planted tree can absorb 20 to 25 % area CO2. Different companies are now 
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working on this issue very keenly. Dell is working on worldwide product-recycling program. In this 
program Dell company allows to customers to pay an extra $2 to $4, for grow a plant against each 
product AMD, a global microprocessor manufacturer, is also working toward to reduce energy 
consumption in its products without toxic material and carbon free product. 
 
4.4 Solar Computing:Computers with the help of solar technology is called solar computing. Nowadays 
solar power gaining is the more and more attention throughout the world. Solar energy is power derived 
from the sun through the use of solar panels. Good example of powering PC’s with the sun is Taiwanese 
manufacturer VIA Technologies Inc. VIA Solar Computing initiative is a part of VIA Green Computing 
projects. VIA Solar Computing use advanced, cost-effective solar panel technology in cooperation with 
Motech Industries – one of the largest and leading solar product manufacturers and innovators. Solar 
cells combined with VIA processor platforms and system technologies developed complete solar-
powered computing solutions that are less polluting, more affordable, more reliable and more flexible 
for a wide variety of new markets, applications and environments. VIA Solar Computing is focusing on 
photovoltaic (PV) solar power to take advantage of the numerous benefits for both emerging market and 
urban computing installations:  
• Solar power is clean non-polluting energy.  
• Once capital costs are covered (like purchasing and installation) solar cells require very little 
maintenance, hence in further perspective of time they provide energy at virtually no cost (Lakshmi, 
LalitaSarwani, NaliniTuveera, 2012, p. 1284).  
• Solar panels are silent in operation.  
• Solar panels do not require refueling; they are self-sufficient.  
Due to the undeniable benefits of renewable energy in the form of solar energy private companies 
continue to invest in research and development of this kind of power providing. This solution is not the 
cheapest however leasing is common way to go solar today (IrshadShiddiqui, 2013, p.53). At the same 
time, governments are starting to recognize the benefits of solar power, with much now offering tax and 
rebate incentives to promote this clean energy. 
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4.5Lead-Free and RoHS computing: In February 2003, the European Union adopted the Restriction of 
Hazardous Substances Directive (RoHS). The process of making laws restricts the use of six hazardous 
materials that are Lead (Pb), Mercury (Hg), Cadmium (Cd), Hexavalentchromium(Cr (V1)), 
Polybrominated Biphenyls (PBBs), and Polybrominated Diphenyl Ethers (PBDEs)etcin the manufacture 
of various types of electronic and electrical equipment.The instruction is closely linked with the Waste 
Electrical and Electronic Equipment Directive (WEEE), which sets collection, recycling, and recovery 
targets for electrical goods and is part of a capability of law making that aims to reduce the huge 
amounts of toxic e-waste. In 2001, they focused on lead-free manufacturing, introducing the Enhanced 
Ball Grid Array (EBGA) package for power efficient VIA processors and the Heat Sink Ball Grid Array 
(HSBGA) package for their chipsets.VIA’s lead-free manufacturing technologies do not require a lead 
bead, and the solder balls now consist of a tin, silver, and copper composite. 
 
 
4.6 Data Center sustainability improvements: The rising energy costs, desire to make existing 
investments more and more profitable are making today’s cloud providers to implement best practices to 
make datacenters operation green. To build eco-friendly data center, several best practices in key areas 
has been proposed for improving sustainability:  
• Proper location which allows clean energy consumption through renewable sources (solar energy 
generation, wind power generation, fuel cells, cogeneration).  
• Cooling system (new systems based on liquid cooling, nano-fluid cooling systems, and in server, in-
rack and in-row cooling by companies such as Spray Cool; free cooling, spot cooling, using cable 
grommets to reduce cool air leakages).  
• Building design (heat insulation, optimizing floor layout, recycling water)  
• Information and Communication Technology (ICT) platform (middleware-facility linkage, dedicated 
racks & servers, virtualization technologies).  
• Deployment of newest power efficient servers and processors (Kumar Garg, Buyya, 2012).  
• Energy linking (power sharing between company centers, locating data center near power station). 
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4.7E-Waste Recycling: E-Waste recycling is the reuse or recycling of computing devices such as old 
computers, monitors, printers, mouse, keyboard, networking devices etc. Instead throwing it should try 
to contributing to the non-profits and charities or submit it to the municipal or private recycling 
associations.By using the hardware for longer period of time, the total environment footprint caused by 
computer manufacturing and disposal will be reduced greatly. We can also renovate old computers and 
servers to meet new requirements instead of purchasing new devices. Printer cartridge can also be 
recycled. Instead of disposing them off and increasing the e-waste burden, we can refill them and use 
them again. We can not only recycle or donate the computing e-waste but also mobile phone, business 
and office equipment’s, entertainment equipment’s etc. 
 
4.8IT product and eco-labeling: An additional trend toward green computing is the “eco-label” which 
has been supported by several organizations around the world. These eco-labels are given by 
organizations to IT products based on several factors aiming to save the environment. An eco-label 
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identifies products or services proven environmentally preferable overall, within a specific product or 
service category. The factors include the ability of recycling the system, noise energy consumption etc. 
 
4.9Reducing Energy Consumption: We can reduce the energy by following the above operations  
 Turn off your computer when you're done for the day. 
 Use Power Saver Mode. 
 Don’t print unless necessary. 
 Use an Ink Jet printer and turn it on only when printing - Printer energy consumption varies widely. 
You'll have to use your voltmeter to see how much electricity yours draws when printing and when 
turned on but idle.  
From least to greatest energy consumed printer technologies order like this: 
Dot Matrix   -->  Ink Jet   -->   Laser 
Since dot matrixes are largely obsolete due to lesser print quality, this makes the ink jet is the best 
energy-conscious choice for most home users. An active laser printer uses several times more 
electricity than your computer! 
 Use LED’s instead of CRT monitors as they are more power efficient.Bulky old CRT monitors use 
several times the power of space-saving, power-sipping flat panel or LED displays. CRT's often 
consume between 60 and 110 watts, while most flat panels are down in the 15 to 60 watt range. 
 Use a laptop instead of a desktop.Laptops are more efficient. Laptop computers consume up to 80 
percent less electricity than desktop computers and get by on between one-fifth and one-third as much 
energy. 
 Set your Power Management options:Measurements with your new voltmeter quickly expose a 
power consumption hierarchy. These are your computer's power usage levels, from greatest power 
consumption to least: 
Heavy Use  ->  Light Use  ->  Idle  ->  Standby  ->  Hibernate  or  Turned Off 
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4.10 Green Manufacturing: Green manufacturing is the reducing of waste during the manufacturing of 
computers and other subsystems to reduce the environmental impact of these activities.Green 
manufacturing is the renewal of production processes and the establishment of environmentally-friendly 
operations within the manufacturing field.One being the manufacturing of "green" products 
and secondly the "greening" ofmanufacturing-reducing pollution and waste by minimizing natural 
resource use, recycling and reusing what was considered waste, and reducing emissions. 
Here are just a few of the toxic chemicals found in your average computer 
 Brominated flame retardants (BFRs) in plastic casings. 
 Cadmium and selenium in circuit boards. 
 Cathode ray tubes (CRT) in old monitors. 
 Lead in solder. 
 Mercury in LCD screens backlights. 
Due to new research and growing public alertness about the effects of these hazardous materials, many 
companies are beginning to research and are finding new ways to build greener PCs that do not make 
use of these dangerous chemicals. 
A list of the different materials that manufacturers are using to build computer parts: 
 Bamboo – is becoming progressively popular for making coverings for computers and peripherals. 
It has the advantages of being a sustainable and quickly renewable resource and it is lightweight 
and stylish. 
 Recyclable plastics – many computers are made up of from non-recyclable plastics but there is an 
alternative. One way is to use recyclable polycarbonate resin. 
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 Eco-friendly flame retardant – Flame retardants are often some of the most toxic chemicals in 
traditional PCs, there are flame retardant silicone compounds available that are flame retardant and 
completely non-toxic. 
 Eliminating lead soldering– getting rid of the lead makes a big difference, it can protect 
individuals responsible for breaking down computer pieces during the recycling processes 




The companies that are started green manufacturing. 
 Apple- Apple is has begun to make many of its green computers with recyclable materials such as 
aluminum, polycarbonate and glass. Apple has made efforts to remove toxic substances, such as 
brominated fire retardants (BFRs), polyvinyl chloride (PVC), arsenic, lead and mercury from its 
products. 
 Hewlett Packard - HP is determined to use more recycled materials in its products and product 
packaging. HP has also instituted buy back and recycling programs for all brands of computers, 
monitors, printers, scanners and other computer technology. HP has its own huge recycling facility 
in Roseville, California which processes about 4 million pounds of electronics per month. 
 IBM - IBM has been moving towards more environmentally friendly practices since back when 
“green” still meant “yellow + blue.” In the decade between 1990 and 2000, it reduced its overall 
power ingesting by 5.1 billion kilowatt hours, and that includes power used for manufacturing. 
 Phillips Electronics - Not only does Philips strive to drastically increase its energy efficiency in its 
production process, but it also invests billions of euros into green research, so that every company 
on earth can someday be as eco-friendly as it is trying to be. That research has resulted in a tiny 
LED, award-winning LEDs, the world’s “smartest” LED, the most efficient white LED, and much 
more 
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To come to our knowledge, the man-made greenhouse gas emissions increasing is a major contributing 
factor to global warming, enterprises, governments, and also our society. In the meantime, people trying 
to test the environmental issues and adopting naturally to live in harmony and peacefully with this earth. 
Therefore, greening our IT products, applications, services and practices are both economic and 
environmental essential, as well as our social responsibility. As a result, a growing number of IT 
vendors and users are moving toward green computing and thereby assisting in building a green society 
and economy. 
Through the effort of developing sustainable energy, we can create a better quality of life for the coming 
generation. We can put our effort to learn more about knowledge of computer disposal to protecting the 
environment. By green computing technology, we are trying to make the whole process surrounding 
computers friendlier to the environment, economy and society. 
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